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1. BBEAEHUE

ATomHasi KOrepeHTHOCTb, HABOAMMAS B ATOMHBIX
aHcaMOJIIX BHENTHHM KOTE€PEHTHBIM 3JIEKTPOMATHHUT-
HBIM U3JIyYCHUEM, MOYKET CYIIECTBEHHO MOIUMUIIPO-
BaTh UX onrudeckue cBoiicTBa. COOTBETCTBYIOIIAS MO-
UK TPUBOINUT K TIEJIOMY PAIy PUITIECKUX dD-
deKTOB, TaKMX KaK KOTE€PEHTHOE IIJIEHEHWEe HACEJIEH-
HOCTeH, JIEKTPOMATHUTHO-MH Iy IMPOBAHHAS TIPO3Pad-
HOCTB, 3aMEJJIEHNE U «OCTAHOBKa» cBeTa [1-4].

B ocmose atux 3 deKToB JAeKAT IBYX- WU MHOTO-
dOTOHHBIE PE30HAHCHBIE TIPOTIECCHI, CIIEKTPAIbHBIE TITH-
PUHBI KOTOPBIX OIPEIEIAIOTCS MEJJIEHHON peIaKCaI-
eil KOrepeHTHOCTEH, HABOIUMBIX HA 3alPEMIEHHbIX UJIH
HU3KOYACTOTHBIX TIEPEX0JIaX B cpejie. DTH MUPUHBI CY-
IIIECTBEHHO MEHBIIE eCTECTBEHHBIX MUPUH BO30Y K IEH-
HBIX COCTOSIHHH, KaK B CJydae OJHO(MOTOHHBIX IIPOTIEC-
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COB, 9TO U OIpeiesisieT OOJIBINO MOTEHIINAJ TPAKTHYIe-
CKOT'O MIPUMEHEHUsI COOTBETCTBYIOIMINX SBJICHUN B 332~
9axX KBAHTOBOW METPOJIOTHH, CTAHIAPTUIAINNA IACTO-
TBI, KBAaHTOBOM mHpoOpMaTUKu 1 T. 1. [Ilpu Bo3Oyx)Ie-
HUU HEJIMHEHHBIX PE30HAHCOB B FA30BBIX sTI€HKAX CITEK-
TpaJIbHbIE IITUPUHBI OMPEJIETISIOTCS peJlaKkcarueil Kore-
PEHTHOCTE MPU CTOJKHOBEHUSIX ATOMOB CO CTEHKAMMU
saeek n Mex Iy coboit. Oaum n3 3 hEeKTUBHBIX METO-
JIOB CyKEHWs JIMHUI B 9TOM CJIydae siBJISEeTCs UCIIOJIb-
30Bamnme sgueek 6e3 OydepHoro raza, HO CO CIEIHAIb-
HBIM aHTHUPEJIAKCAIIMOHHBIM ITOKPBITUEM CTEHOK.

B macrosimeit pabore MbI pacCMOTPHUM, KaK BJIUs-
€T KaveCTBO aHTUPEIAKCAIMOHHOIO TOKPBITHS Ha -
deKT JIeKTPOMATHUTHO-WHTY [TTPOBAHHOM ITPO3PATHO-
cru (QUII). K macrosiiemy BpeMeHH OILyOJIMNKOBAHO
60JIbIIIOE YUCJIO PabOT, B KOTOPBIX HCCIEIYIOTCS KakK
CBOICTBa TAKMUX IOKPBITUI, TAK U BO3MOXKHOCTU IIpe-
[IU3UOHHON CIEKTPOCKONNU ATOMAPHBIX T'a30B, HAXO-
JISIIUAXCST B COOTBETCTBYIOMUX stueiikax [4-45]. Ona-
KO, KaK IOKa3bIBAIOT HAIM UCCJICJOBAHUS, HEKOTOPbIE
BasKHbIE OCOOEHHOCTH, IPUBOMIAIINE K KA4eCTBEHHBIM
s dekTam, OCTAIOTCS MAJIOU3Y Y€HHBIMU.
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HemocraTouno nsydeHo BiusiHUE BPEMEHU ajcopo-
MU aTOMOB Ha MOKPBITHE. JlaKe Jijist M1eabHOro mo-
KPBITHUSI, COXPAHSIIONIEr0 BHY TPEHHEE COCTOSTHIE aTOMA.,
B 3aBHCHMOCTH OT JJINTEJHLHOCTH aJCOPOIUE BO3MO-
JKEH PA3JINYHBIA XapaKTep OTPa’KeHUs — OT HJIeajlhb-
HO 3epKaJIbHOTO 710 juddy3noro. Ecimu nporecc oTpa-
JKeHUs COITPOBOXK/IAETCSI aJIcOPOImeii aTromMa B TedeHue
OTHOCHUTEJILHO IPOJOJIXKUTEIHHOIO BPEMEMH, TO CKO-
POCTH OTJIETAIONIEr0 OT HOBEPXHOCTH aTOMa IIepecTa-
€T 3aBUCETh OT HAYAJILHOW CKOPOCTH U OIIPEJIe/ISeTCS
Temmeparypoii creaku. [IponcxomuT mosiHast TepMasiu-
3aIys Tpu OJHOKpaTHOM oTpaxkeHuu. [logobHast cury-
arus XapakTepHa [ mapadrHOBBIX TOKpBITHi. s
HEKOTOPBIX MATEPUAJIOB, HAIIPUMED, JIJIs TIOKPBITHN TH-
na Octadecyltrichlorosilane (OTS), xapakTepHoe Bpe-
MsI aJICOPOIMU CYIECTBEHHO MEHbIIe, YeM JIJIsl rmapa-
dunos [20, 21]. D10 03HAYAET, UTO JJIA HUX BEPOIT-
HOCTb IIOJIHOM TepMAaJIM3aIu OyIeT 3aMeTHO MEHBbIIIE.
OrpaxeHusi ¢ MajbIM U3MEHEHHEM BEJIMYUHBI CKOPO-
ctu OyayT Gosiee BepoaTHBI. IIpm oTcyTcTBHEU aacopO-
[ BO3MOXKHO U YIIPYyroe orpakenue. B Teopuu 0Obra-
HO OIDAHMYMBAIOTCS OJIHUM W3 IIPEJIEJIbHBIX CJIydaes.
B aT0it paboTe MBI TpOBEIEM CpaBHEHNE STUX ABYX CJIy-
JaeB U MOKaXKeM, KaK XapaKTep aKKOMOJIAINY BJIUSIET
Ha CIIeKTPaJibHbIE CBOWCTBA ATOMHOI'O Ia3a.

[Tpu uccireoBaHNY BIUSTHUST IIOKPBITHsT HA 3D deKT
OUII 0OBIYHO TaKKe OI'PAHUYUBAIOTCS PACCMOTDPEHU-
eM CJjIydasi, KOrja IIUPUHBI JA3ePHBIX IIYYKOB MHOTO
MEHbIIIE XapaKTEPHBIX Pa3MEPOB I'a30BbIX STYEEK. ITO
TaK Ha3blBaeMasl KBAa3UPIMCUEBCKasl I'€OMETpUsi, IIPU
KOTOPO# ATOM HCHBITHIBAET MHOTOKPATHBIE OTPAYKEHUS
OT CTEHOK, IPEXKJIe 9eM MMOBTOPHO TOMAIAET B JIa3ep-
HbIt syq [4, 13, 20, 21]. TIpu 6oJbIIOM YHCIIE CTOJKHO-
BEHHUIl JI0 BO3BpAIEHUsI B JIyd 3aMeTHAas peJaKcaIlis
ATOMHOW TIOJIIPUBAIUN U TEPMAJIU3AIHA IPOUCKOJIST
JlaKe TIPU BBICOKOM KadecTBe MOKPBITUs [13] 1 Masibix
BpeMeHax aJCopPOIHH.

st y3KUX Jiydeii, Kak I[PaBUJIO, OTPAaHUIUBAIOT-
Csl yIETOM CTOJIKHOBEHMIT TOJIHKO ¢ DOKOBOI TIOBEPXHO-
CThHIO, TIEPIEHIUKYJISTPHON BOJTHOBBIM BEKTOPAM TIOJIEIA.
st mupokux syqeit (cM., Hanpumep, padory [46]) win
[IPU MAJIBIX Pa3Mepax si9eeK BasKHO yUIUTHIBATH CTOJIK-
HOBEHWUsI C TOPIEBBIME MOBEepXHOCTIMEU. K HacTosmemy
BPEMEHU POJIb ITUX CTOJKHOBEHUN ITPAKTUIECKU HE NC-
CJIeJIOBAHA.

Emme oauum cyimnecTBEeHHBIM OTpaHHYEHHEM O00JIb-
muHCTBa pabor mo omucanuto IUII aBaserca pac-
CMOTPEHNE MOJETHHOM TPEXyPOBHEBOI MO a-CXEMBI.
B Takoil cxeme mpu KOJTHHEAPHOM PACIPOCTPAHEHUH
YUPABJISIIONIEr0 W TPOOHOTO M3JIYUEHUS YIAETCS CY-
IIECTBEHHO MOJABUTH JIBYX(OTOHHBIN JIOILIEPOBCKUI
casur (cMm., Hanpumep, paborst [47, 48], a rakxe [4]
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U CCBUIKM B HEX). BoJiee Toro, B psijie CJIydaeB MO-
JKeT HabJIIOJATHCS JIOTIOJTHUTEIFHOE, TaK HAa3bIBAEMOE
JIOIIEPOBCKOE CY2KeHME JBYX(POTOHHBIX PE30HAHCOB,
npejickazanHoe B paborax [49, 50] (cm. Takxke [51]).
Ha »TomM ocHoBanum OOBIYHO JABYX(POTOHHBIM CJIBU-
rom npeHebperaror. MBI MOKazkeM, 9TO HAJIMINE TAKUX
C/IBUTOB JIJIsi HEBBIPOXKJIEHHOI'O OCHOBHOT'O COCTOSTHUSI
MOXKET CYIIeCTBeHHO Monmdunupoarh crexkrp DUII.
MbI nmpoaHaU3upyeM, KaK KadeCTBO MOKPBITUSI BJIUSI-
€T Ha 9TU CIEKTPBI IPH CTOKCOBCKOM U aHTUCTOKCOB-
CKOM XapaKTepe paccesHus TpoOHOTro maaydenns. Mbr
TaK>Ke TOKAYKeM, ITO YIeT YZKe OJHOIO JIOMOJHUTE b
HOT'0 BO30Y2KJIEHHOT'O COCTOSIHUS JIBUKYIIIXCS aTOMOB
OKa3bIBAETCsl CYIIECTBEHHBIM IIPH TEOPETUIECKOM OITU-

canuu 3dderra DUIL

2. TIPUBJIN>KEHN A 1 ITOAXOAbI

ITpu onucanuu spdexra DUII B razopoii siueiike
KOHEUYHBIX PA3MEPOB MBI BOCIIO/IB3YEMCSI TIOXOIOM, OC-
HOBAHHOM Ha PEIIEHNN CUCTEMBbI TudhdepeHITnaTbHBIX
YPaBHEHUl I OJHOYACTUYHON MATPUIIBI IIOTHOCTU
C TPAHUYHBIMA YCJIOBUSME, KAK ITO JEJIAJ0ChH, HAIIPU-
Mmep, B paborax [20, 21]. IIpu sTom MbI Gymem mpeamnoia-
raThb THIUYHYIO CUTYAIUIO, KOTJ[A IIPOOHOE 10JI€ BBI3bI-
BaeT IePEXOIbI TOJIHKO C OJIHOTO U3 IOy POBHEN OCHOB-
HOT'O COCTOsTHUSI. 10 YKe OTHOCUTCS ¥ K YIIPABJIAIONIEMY
[IOJII0, OHO BBLI3BIBAET IEPEXONBI C JAPYIOrO IIOIYPOB-
Hd. B ciyuasx HEBBIPOXKIEHHOTO OCHOBHOI'O COCTOSI-
HUsI JIJTsi YABTPAXOJIOIHBIX ['a30B, a TaKXKe BBIPOXKIEH-
HOT'O COCTOSIHUS [IJIsi TOPSYMX I'a30B, HE BayKHO, C Ka-
KUM 73 IOy POBHEH B3AMMOIEHCTBYeT IPOoOHOoe, a ¢ Ka-
KUM ympasJismolee moje. Kak Oymer BuIHO jaJjiee, JIjist
ropsianx acamOJieii ¢ HEBBIPOXKJIEHHBIM OCHOBHBIM CO-
CTOSTHIEM aTOMOB CYIIIECTBEHHO, KAKOE U3 II0JIeil nMeeT
60Jiee BBICOKYIO YACTOTY, T.€. IIPOUCXOJUT JIU paccesi-
HUEe TTPOOHOrO CBETA II0 CTOKCOBCKOMY WJIM AHTHCTOK-
COBCKOMY KaHaJy. [loaToMy MBI paccMOTpuM 00a CJTy-
qag (puc. 1).

Bremmmne mosst, yrpasisioniee u mpooHOe, TTPEIIno-
Jlaratorcst ciaabeimu. VIx dacrorsl Pabu MHOrO MeHb-
IIle CKOPOCTeH CIIOHTAHHOTO PAacIajia BO30YKIECHHBIX
cocrosiuuii. [Ipm sTOM cumTaeTcs, 4TO yHpPABJISIONIEE
10Jie HAMHOTO CUJIbHee MpoOHOro. CrieKTpasibHbIE MU~
PUHBI KarKJ0li KOMIIOHEHTBI IIPEIIOJIAraloTCsl MEHBIIE
€CTEeCTBEHHO! IMIUPUHBI aTOMHOIO repexoza. Komnmen-
TPAIAIO ATOMOB CYUTAEM MAJIOf HACTOJIBKO, YITOOBI
rpeHebpevb KOJIEKTUBHBIMU (P deKTaMu, BhI3BAHHbBI-
MM PE30HAHCHBIM JIAITIOJIb-IUIIOJIBHBIM B3aAMMOIEHCTBY-
em [52,53], u UCHOJIB30BATH NPUOJIUIKEHUE OITUIECKU
TOHKO! CpeJbl.
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BnnsHne kavectsa AHTNPENAKCALNOHHOIO NOKpPbITUA. . .
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Puc. 1. [lge cxembl nasepHoOli Hakayky, pasfinyaoLmnecs co-

OTHOLLEHMEM HacTOT NPobHOro u ynpasnsioLero nosei: a —

4YacToTa YNpaBAsAOLEro MOMs MeHblle, Yem npobHoro, b —
HaobopoT

B sToM ciiyuae cucreMy ypaBHEHUI 118 M IeHHBIX
AMILTATYJT OJTHOATOMHON MATPHUIBI IJIOTHOCTH B TIPEI-
craBjiennu Burnepa, p(v,r,t), B upubimukeHnn Bpalia-
Ioieiicst BOJIHBI MOXKHO 3allicaTh B ClelylolmeM BUje:

4

p11+v-Vpi = —iZ(Vceple — Vieher) +
e=3

+ Y31P33 + V41P44,

4
fo2+v- Vs = =iy (Vpepae — Viyepea) +

e=3
+ ¥32033 + V42p44,
P33 +v - Vps3 = iVezpiz —iVisps1 +

+iVp3pas — “/:3/)32 — V3pP33,
4

p12+v-Vpio = iZ(Vc*epd - Vpeple) =+
e=3

+[i(Ap — Ac +q - v) — 1i2]p12, (1)
Pre +v - Vpie = iViypee —iVeepr1 —
— iVpp12 + iV pee
+ [—i(Ac — wer + w31 — ki - v) — e /2]pie,
p2e + V- Vpae =iV pere — iV pa1 —
— iVyepaz + iV pee +
+ [—i(Ap — wez + w32 — ko - V) — v /2] p2e,
e, e =3,4, ¢ #e,
P31+ v - V3 = iVe3p1a +iVp3po4
—iVp31 — iVyyp3e + [iwas — Y34]p3a,
p11+ p22 + p33 + paa = 1,
Pij = Pji-
3;[6(2]) MBI HpeHe6peFJII/I CTOJIKHOBECHUAMU aTOMOB ME2K-

Iy coboit ¥ TPEeIIONoKIIN, ITO YIPaBJioNee Moje
BBI3BIBAECT HEPEXOJIbl TOJLKO € HOAypoBHs |1), a mpo6-

HOe — TOJIBKO C TIO/[yPOBHsI |2), & TaK»Ke HCIOJIb30BaJII
obosnadenus Voo = dei - Eo/2R, Vpe = dea - E,/25;
d., — AunOJIbHBIE MOMEHTHI LIEPEXOIOB |g) <+ |€); Y12
U 7y34 — CKOPOCTHU PAaCIaOB KOI€PEHTHOCTEH COOTBET-
CTBEHHO p12 U p34, B, u E, — Mesajennble aminimi-
TYJIbI COOTBETCTBEHHO YIIPABJIAIONIETr0 U IPOGHOIO I10-
Jeil, Yo = Vel + Ve2, 4 = k. — kpa Ac = we — w31,
A, = wp—wsg. 719 KPATKOCTH 3/1eCh U TAJIee MBI OILyC-
KaeM apryMeHTBI y MATPHUILI IIoTHOCTH. B cucreme (1)
MBI Takzke IpeHeOperid BepoSATHOCTAMHI CIHOHTAHHBIX
MIEPEXO/I0B MEXK Ty OJIM3KOPACIIONIOKEHHBIMA Y POBHIMHE
1) 1 [2), 13) u [4).

B 3T10i1 cTaThe Mbl OrpaHUYUMCST OJJHOMEPHBIM CJIy-
yaeM, Korjia 00a [oJisl PacIpoCTPaHsIOTCs BJOb OCH 2,
a TPaHUIBl TYCHKHU MEPIeHINKYIApHBl 3T0i1 ocu. Ha-
JIT4re TPaHUIL sTuefiKu U XapaKTep CTOJKHOBEHUs C HU-
MU OyZeM yYUTBLIBATH II0CPEJICTBOM COOTBETCTBYIOIMINX
IPAHUYHBLIX YCJIOBHA.

Kak oTmeuaJioch BbIIIE, CKOPOCTH aTOMa, ITOKUIa-
IOIIEro MOBEPXHOCTh, 3aBUCHT OT BPEMEHHU aJ1copOIun
aToMOB. IIpy MaJIbIX BpeMeHaX BEJINKa BEPOSATHOCTD
YIPYroro (3epKajbHOTO) OTPAaXKEHUd, MpH OOJILIIUX
BpEMeHaxX aTOMbl BBLIETAIOT, UMes CIAydYailHylo CKO-
POCTb, paclpejIeenHylo 1o 3akony Makceeia. B aroit
paboTe Mbl OrPAHUYHMMCH JBYMS IIPEJCILHLIMU CJIy-
qagMI.

B cirydae 3epKaJbHOIO OTPazkKeHnsl, KOTJa HOPMaJIb-
Has COCTABJIAIONIA CKOPOCTH K IIOBEPXHOCTH S MEHsIeT
3HAK, a TaHICHIMAJbHAS COXPAHSETCS, T.e. IIPU YCJIO-
B v’ = v—2n(n-v), e v 1 v’ — CKOPOCTH JIO U MOCJIe

CTOJ’IKHOBGHI/ISI7 I‘paHI/I‘{HLIe yCJ’IOBI/IH UMEIOT BUJI
P?i — pii(r, V/)res = al(p?i — pii(r,v)res),
pij(r,")res = aapij(r,v)res.

(2)

Bnech pY — HaCeNeHHOCTH YPOBHE B OTCYTCTBUE
BozOykmaformux noseit. Koadbdunmentor oy
(0 < a1z < 1) XapakTepusyT CTEIEHb COXPAHEHHS

n o

COOTBETCTBEHHO HACEJIEHHOCTE U KOI'€PEHTHOCTEN
B pe3yJbTaTe COYJapeHus aTOMOB CO CTeHKOH. /[la-
Jiee I TPOCTOTHI OyJIeM CUUTATh ITU HTAPAMETPHI
OJIMHAKOBBIMH, (] = (g = (V.

Bropoit cinyuait — mosmas Tepmasu3anus. [lpu
9TOM I'DAHUYHOE yCJIOBHE IIPEIojiaraeT paBeHCTBO II0-
TOKOB, HaJIeTaIOIINX Ha ITOBEPXHOCTH U BBLIETAIONINX
¢ mee. 1 9ACTHOTO CiIydasi TJIOCKOTO CJIOST TOJIIIHU-
HO#l L mMmeeMm

Jijlz=0 = Oéj;ﬂz:o +(1— a)j;§0|z:0,

(3)

Jile=r = ajila=r + (1 — @)j;;%|=1,

rie jfg(z) = Oopiij(v,z)(:tv)dv, piij(v,z) = pi;j(£v, 2),
v = |y, j%o — IOTOK KOMIIOHEHTBI pJ; ATOMOB, HAXO-
JISIIAXCS. B PABHOBECHOM COCTOSTHHH.
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B crenyromem pazmene mbr ucciemyeMm 3ddekT
OUII Ha OCHOBe YHCIEHHOrO pereHusi cucreMbl (1)
¢ rpaangHbIME yesoBusmu (2) u (3). Xapakrep DUII-
pe3oHaHca OyjieM aHAJM3UPOBATH HA OCHOBE DPacdera
BEJINYUHBI HABEJICHHON TIPOOHBIM U3JTy Y€HUEM aTOMHOI
MTOJISTPU3AIIIY, OIPEeJIeJISIEMON HHTErPAJIbHBIMU 10 CKO-
POCTSIM ATOMHBIMHU KOTE€PEHTHOCTSIMHA P32 U P42. DTA TO-
JISPU3aIfs, B CBOIO OU€PE/b, 38/1aeT BOCIPUUMINBOCTD
ancambuig (cM., Harpumep, paborst [3, 50, 54]), a cremo-
BATEJIbHO, ONpeessaeT ero KoM UIUEHT MOTIONTEeHUs
7 TIOKA3aTe b IIPEJIOMJICHUSI.

[TockosibKy TIpH HEUJEATHHOM MOKPBITUU TTIPOUCXO-
JIAT U3MeHeHNe HACEJIEHHOCTH yPOBHS |2), CyIecTBeH-
HO BJIMSIIONIE Ha pacIpoCcTpaHeHWe TPOOHOTO W3JIy-
JeHUs, aDCOJIIOTHASI BEJIMIUHA ATOMHON BOCIPUUMYH-
BOCTH U3MEHSIETCsl JlayKe IPU OTCYTCTBUU JIBYX(POTOH-
HBIX pe3oHaHcoB. [lo 3Toil mpuanHe pu CpaBHEHUN Xa-
pakTepa 3pdekra DUIl nas mokpeiTHit pasHoro xKa-
qecTBa MbI OyJIeM aHAIU3UPOBATH HE AOCOJIIOTHBIE Be-
JIMIUHBI BOCIIPUUMYIUBOCTEMH, 8 KOHTPACTHI PE30HAHCOB.
Tax, xourpact noromenus C(A,) Ipu 3aTanHol dac-
ToTe MpOobHOTO o1t B yesoBusix DUII mbr onpemensem
kak C(A,) =1 — B(A)/Bo- Bmecs B(A,) — xoabdu-
[UEHT IIOTJIONIEHUS Ha 3a/IaHHOil YacTore (0TCTPOiiKe),
a [y — K03 PUIMEHT TOTJIOMEHUS B OTCYTCTBHUE JIBYX-
(HOTOHHOTO PE30HAHCA.

3. PE3VYJIBTATHI

Ha puc. 2 nokaszanbl crieKTpajbHble 3aBUCHMOCTH
KOHTpacToB pe3oHaHcoB DUII st siueek ¢ aupdys-
HBIM XapaKTEePOM OTPAXKEHUS ATOMOB OT AHTUPEIAKCA~
IIMOHHOTO MOKPBITHA Ajid ciydad k, < k.. Ha puc. 2a
[IPOAHAJIM3UPOBAHA 3aBUCUMOCTb OT KadeCTBa IOKPbI-
Tus 7y staeiiku qmaoit L = A = 4.5 cm, Ha puc. 2b —
3aBHCUMOCTH OT Pa3MEPOB IPHU (DUKCUPOBAHHOM ( =
= 0.999. OcrasbHble MapaMeTpbl BBIOPAHBI CJIETYTO-
M obpasom: Vee = 105 ¢t Ve = 10 ¢!; remme-
parypa saetiku T = 50 °C; paciiensierne Bo30y K IeH-

HBIX cocTosinmit w3y = 300 MI't; ckopocTr CHOHTAHHOTO
pacmaja 3Tux cocTosdHmit y3 = 4 = 6 MI'; ckopocTb
peJIAKCAIINY HU3KOYACTOTHONW KOT€PEHTHOCTH OCHOBHO-
ro cocrosiaust o1 = 10 I'. CkopocTh pesiakcaiuu Kore-
PEHTHOCTHU p43 BbIOpaHa PABHOI IIOJIyCYyMMe CKOPOCTE
CHOHTAHHOM peJIaKCcalliy HaCeJeHHOCTe IByX BO30Y K-
JIEHHBIX YPOBHEIl. YIIPaBJIAIONIEe IOJIE IIPEIIOIAraeT-
Cs HACTPOEHHBIM HA TOYHBIA PE3OHAHC C IEPEXOJIOM
[1) <> |3) HemomemxkHOTO aroma: A, = 0.

Pucynoxk 2 nemoHCTPUPYET HECKOIBKO BaYKHBIX (DU~
3UYECKUX Pe3y/IbTaTOB. Bo-IepBhIX, Ka4eCTBO IOKPHI-
THUS OY€Hb CJ1ab0 BJIMSEeT HAa KOHTpacT pe3onanca DI
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[IpU PacCMOTPEHHBIX yCaoBusX. OObSICHUTH 3TOT -
(dEKT MOXKHO BIUSHUEM [IBYX KOHKYDPHUPYIOMINX MEXKITY
coboit paxkTopos. Koaddurment norsomnenus mpodbHO-
rO TOJIS OIpeeNsieTcss KaK BEJUYUHON HaCEeJeHHOCTU
pabodero ypoBHsI, TaK M BEJIUYNHON HU3KOIACTOTHOM
KOTEPEHTHOCTH pa1. OIMH MEXaHU3M YCUIUBAET ITOTJIO-
IEHNE 3a CYeT Da3pyIIeHNs] KOIePEHTHOCTH U ocJyab-
JieHusi IByX(OTOHHBIX PE30HAHCOB, BTOPOil — oOcCIab-
JiseT TOIVIOIIEeHHEe 3a CYeT yXOJa aTOMOB c pabode-
ro MOJYPOBHsI, B HAIIEM CJydae 3TO TOJyPOBEHb |2).
HeiicrBuTebHO, B 00beMe SA9€fiKH B CHJIy OTCYTCTBUS
CTOJIKHOBEHUI OITHYECKasl HAKAYKa CHJIbHBIM YIIPaB-
JIAIONIUM II0JIEM IIPUBOJUAT K TOMY, UTO IOJIABJISIIOIIAs
4acTh aTOMOB HaKalIuBaeTcs Ha yposHe |2). Crosk-
HOBEHHE CO CTEHKAMU BBI3bIBAET I1€PEX0/IbI HA YPOBEHD
|1). YMeHbIIeHIE HACEIEHHOCTH YPOBHS |2) IPUBOJIUT
K YMEHbBIIEHUIO KOI(DDUINEHTA IOIVIOMIEHUS B OTCYT-
CTBHE JIBYX(DOTOHHOIO PE30OHAHCA, T.€. BEJIHMIUHBI [.
DT0 06CTOATENHCTBO YBEJININBAET KOHTPACT.

Pucynoxk 2b memoHCTpHpYyeT elie OH MHTEPECHBIIH
addekt. [Ipn yBemuueHnn AIUHBI SYEHKU TOSBIISIET-
Csl JIOTIOJIHATENIBHBII MUK, CHJIBHO OTCTPOEHHBIN B 00-
JIACTh TOJIOXKHUTEJIbHBIX OTCTpOeK. [Ipu cpaBHUTENHHO
MaJIbIX pa3Mepax Mbl MUMEEM INUPOKUH JOHNOJHUTEb-
HBI pe30oHaHC ¢ MaJjoi ammanTyaoil. [lo mepe yBean-
qeHus JJINHBI ero aMIunTyaa pacrer. [lossienue sTo-
ro IHUKa CBA3aHO C HAJMYAEM BTOPOI'O BO30YXKJI€HHO-
ro ypoBHs aTOMOB. B npubGJymkeHUHn TpPEXypOBHEBOI
JIIMO/1a-MO/IEJTN STOT MUK OTCYTCTBYeT. B aToMHOM aH-
caMmbJie ecTh IpyIIla aTOMOB, JIBHXKYIIUXCH CO CKOPO-
—ws4/k. g HUX ©3-3a JOILJIEPOBCKOIO

~

CTIMH U,
CIIBUTa yTIPaBJISIONIEe M0JIe OKA3bIBATCH PE3OHAHCHDBIM
nepexony |1) < |4), a ycmoBue nByxOTOHHOTO pe3o-
HAHCA BBITIOJHSACTCS, €CJTU YIPABJISIONIEe MOJIe OTCTPO-
€HO Ha BeJUIHUHY

_ w34(kc — kp)
k

_ wsaq

A, ==

Ilocne crosiKHOBEHUSI CO CTEHKOII HAYMHAIOTCH IIepe-
XOJTHBIE TIPOIECCHI YCTAHOBJIEHUSI PABHOBECHOT'O BHYT-
PEHHEIr0 COCTOSIHUS aTOMa, COOTBETCTBYIOIIEIO HOBOI
BeJIMYMHE ¥ HAIpPaBJeHUIO0 ero ckopocru. Ilpm wma-
JIBIX pa3Mepax siIefiku MaKCAMAaJbHO BO3MOYKHOE 3HA-
YeHne HU3KOYACTOTHONW KOT€PEHTHOCTHU He JOCTUTAETCS
JI0 CJIEJIYIOIIETO CTOJIKHOBEHNSI, [IO9TOMY JIOTIOJTHUTEI b~
HBIIl PE30HAHC He ycmeBaeT cchopmupoBarhest. [Ipu yBe-
JINYEHUU pa3MepoB siueiiku L Bpemst CBOOOIHOTO IPO-
6era yBemmauBaeTcs, 3OPEKT yCUITHBACTCS.
IIpuBenenublit Ha puc. 2 pe3yJIbTAT MOJYyYIEH s
muddysHOoro orpaxkenus. Ilpu 3epKajbHOM OTpake-
uuu curyanust waas. CKOpOCTh ATOMOB MEHSIETCST TOJIb-
KO II0 HAIIPABJICHUIO. DTO CO3AET yCJIOBUSI JJIs YCHIIe-
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Puc. 2. (B ugete oHnaiin) CnekTpanbHble 3aBMCMMOCTU KOHTPAcToB pesoHaHcos UM ans sueek ¢ AnddysHbIM XapakTepoMm

OTpakeHNsl aTOMOB OT aHTUPENAKCALMOHHOrO NOKPLITUA A5 ciydas kp < ke @ — OT Ka4ecTsa MOKPLITUS A5 AHeliKn ANNHOM

L = X\ = 4.5 cm; b — ot pasmepos npun cukcuposaiom o = 0.999. Pacuer nposegen gns Ve = 10° ¢!, V, = 10% ¢!,
T =50°C, wza =300 Mly, v3 =74 =6 My, v21 =10 My, A, =

HUsI MeXaHn3Ma (DOPMUPOBAHUST JTONMOJHUTETHHBIX De-
zonancoB DUII, uTo XOpoIIo JeMOHCTPUPYET puc. 3.

B ciyuae xoporrero mokpbITHS U 3€PKaJBHOTO OT-
paXKeHUs, TTOMUMO OJHOTO IIHKA, IOSIBJISIETCS CEPUs
JOTIONHATEIbHBIX MHUKOB. l[loxoxkmit sddexkT HabIIO-
Jlajicsi paHee JIsi PE30HAHCOB KOTEPEHTHOTO IIJIeHe-
Hust HacesreHHOCTel [55]. Cepust KBA3WIKBUINCTAHTHBIX
[IUKOB CBsI3aHA C MOJIYJIAIME 9acTOT yIPABJISIOIIE-
ro u IPOOHOIO IOJIeHl B CHCTEME OTCYETa, CBA3AHHOM
C JIBUKYIIAMCS aTOMOM. JacTora MOJIYJISIIUN OIIpe-
JIJISIeTCsT CKOPOCTBIO ATOMA, Vgt W PA3MEPOM sTIeHKU:
Wimod = VatT/L. DTO MOLYIMPOBAHHOE IOJE MOMKHO
pazmoxkuTh B pag Pypbe. YUIUThbIBasg, ITO CKOPOCTH
aTOMOB, O0YCJIABJIMBAIOIINX ST PE30HAHCHI, UMEET Be-
—w34/k, mosIydaem, 94To gacro-

~

JINYIUHY TIOPAIKA U,
ThI JOIIOJITHUTEJIbHBIX PE30HaHCOB MOT'YT OBITH OIMCAHBI
OPOCTBIM COOTHOIIIEHHUEM

™n

=0,1,2,....
kL n 07 =

Apn = W34,
Vxyamenue KauecTBa MOKPBITHS OCIa0JIsIeT JOn0)I-
HUTEJbHbIE [UKK B OTJINYHE OT OCHOBHOrO. l3mene-
HUE JUIAHBI s9efiKA BJIUsSeT HA YaCTOTY MOJLYJISIIIVHN,
MTOSTOMY TIPH PA3HBIX Pa3Mepax OHU PACIIOJIOKEHBI
Ha pa3HbIX dacTorax (cM. puc. 3b). YMeHbIIeHUE U~
HBI YBEJIMYUBAET YaCTOTY MOJYJIAINAN, HOITOMY JIJIst
caygass L = 0.5\ B paccmarpuBaemoit objiacTu gac-
TOT BUJEH TOJBKO OJWMH JOMOJIHUTE/bHBI DE30HAHC.
Hna L = 0.1\ oun Hab/IIOKAIOTCH NIPU €Ie OOJIBIINX
00CTPOMKAX, BBIXOJSIINAX 38 MPEJIE/Ibl PUCYHKA.
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Pesynbrarsl, nokasanubie Ha pUC. 2 U 3, COOTBET-
CTBYIOT CJIy4aio, KOTJIa 9aCTOTa MPOOHOTO U3JIyIeHUs
MeHBIIIe JacTOTHI yIpaBisoniero, k, < k.. B apyrom
ciay4ae, Korjpa k, > k., CHTyalus U3MeHSAETCA CyIIle-
CTBEHHO.

Ha puc. 4 noxasanbl crekTpbl pe3oHancoB DUII
B IMMPOKOM HHTEPBAJIE YACTOT I JIBYX TUIIOB OT-
pakeHusi aTOMOB OT MOKphITusi. OOpamaer Ha cebst
BHUMAaHME 3aMETHOE yMeHbIIeHne abCOJIOTHON BeJn-
YUHBI KOHTPACTa II0 CPaBHEHUIO co ciaydaeM k, < k.
st ueaabHOTO MOKPBITHS pu 1udDy3HOM OTpake-
HUU KOHTPACT yMEHbINaercss 0oJiee 9eM B JIBaJIIATDH
pa3. Ilpu 3epKaabHOM OTparkeHWH OCJIabJIeHNe MEHb-
1€, HO TaKKe XOPOIIO 3aMETHO.

Ilomumo  ymeHbITeHUsT aOCOJIOTHON — BETUTHHBI
KOHTpPacTa B PacCMaTPUBAEMOM Cilydae HabJIIOaeT-
cs CJIOXKHAsI 3aBUCHMOCTD AMILIATY/IBI PE30HAHCOB
OT KadyeCcTBa IOKDPBITHS. YBeJIMYeHNe BEPOSTHOCTU
peJIaKCAIINY Ha IMOBEPXHOCTH STYEHKM ITPUBOIUT K yCHU-
gernio Habsogaemoro adderra DUIL. Ilpu sTom
YBEJIMUUBAETCS HE TOJIBKO AMIUIATY/Ia OCHOBHOTO
pesonanca (B6imsu A, = 0), KOTOpas OKa3LIBAETCS
MaKCHMAaJIbHA TPU OTCYTCTBUU AHTUPEIAKCAIMOHHOTO
[MOKPBITHs, HO W PACTYT AMILUIATY/bI JOMOJHUTEb-
HBIX, OoJiee C/IaOBIX DE3OHAHCOB. 3aMETHM, 4YTO, KakK
7 CJIC/IOBAJIO OXKUIATE, IPH kp > k. 3TH Pe30HAHCH Ha-
GJIIO/IAIOTCSI TIPH OTPHIATEIbHBIX OTCTPOHKax Ap. st
UJIEAJIbHOTO TIOKPBITUST OHU IIPAKTUYIECKU HE 3aMETHBI.

Pucynox 5 mo3Bosisier 00bACHUTL HADJIIOaeMbIe

ocobernoctu 3dpdexra IUIl mpn k, > k.. Ha mem
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Puc. 3. (B userte onnalin) CnekTpanbHble 3aBUCUMOCTI KOHTpPaAcToB pesoHancos DUIM gns siueek ¢ 3epkajbHbIM XapakTepom
OTpaXkeHNs1 aTOMOB OT aHTUPENIAKCALMOHHOTO MOKPbITUA ANns cnyyas kp < kc: @ — OT KayeCcTBa MOKPLITUA AN1S SAHEKN ANNHON
L =X=4.5cm; b — or pasmepos npu cpukcnposaiHom « = 0.999. OctanbHble napameTpsbl, Kak Ha puc. 2
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Puc. 4. (B ugete onnaiit) CnekTpanbHble 3aBUCMMOCTM KOHTpacToB pesoHaHcos UM ans siueek ¢ 3epkanbHbiM (a) n gndbdys-
HbiM (b) xapakTepoMm OTpakeHMst aTOMOB OT aHTUPENaKCALMOHHOIO MOKPbITUSA ans chaydas kp, > k.. OcTanbHble napameTpsl,
Kak Ha puc. 2

n300paXkeH MapIUaJIbHBIN BKJIAJ] ATOMOB, JIBUTAIOIIIX-
Csl C 33/IaHHOI 110 BEJIMYNHE CKOPOCTHIO B HU3KOYACTOT-
HYIO KOTePEeHTHOCTh. PacueT mpoBejieH 171 006/1aCTH 1o~
cepemute staeiiky jumaoit L = A = 4.5 cm. [IBe kpuBbie
COOTBETCTBYIOT UIEATBHOMY HOKPBITHIO ¢ MM Dy3HBIM
THUIIOM OTPaKEHUs aTOMOB, JIBE — OTCYTCTBHIO IIOKPbI-
THSI, 9TO COOTBETCTBYET IOJIHOIM peJlakcaIuu Ha, I0-
BepxHOCTHU. B mocsegaem cirydae XxapakTep OTPaXKeHUsT
He BaxKeH. UTOOBI YIIPOCTUTD aHAJIN3, MBI PACCMOTPEJIH
JI7ISI IPOCTOTHI CJIydail TPeXypPOBHEBOI CXeMbI, BO30Y K-
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JlaeMoii pe3oHaHCHBIM n3irydenueM, A, = A, = 0. IIpu
9TOM KOT€PEHTHOCTD BEIIECTBEHHA, ITO ITO3BOJISIET JIeT-
KO CPaBHUBATDH BKJIAJ, Pa3HBIX aTOMOB. Pacder mpose-
nen gt Ve = 2-10% ¢V, =2-10% ¢, T = 50°C,
v3 = v4 = 6 MI'n, v21 = 10 I'm. Ha puc. 5 v, —
HanboJIee BEPOSITHAST CKOPOCTh.
OrmaurenbHONl  OCOOEHHOCTBIO  KPHUBOIA,
BeTCTBYyIOIENl aHoMasbHO caadbomy 3dbdexry DUIIL
T.e. caydaio nuddysnoro orpaxkenua npu k, > k.
5), «dBJsdeTCd B3aUMHas KOMIICHCAIIUS

COOT-

(cMm.  puc.
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Puc. 5. (B ugere oHnaiin) MapumnansHble BKAagbl aTOMOB,
JABVDKYLUNXCS C Pa3HbIMU CKOPOCTSIMU B HU3KOYACTOTHYHO KO-
repeHTHOCTb P12 OIS siHeeK C nAeasnbHbIM nokpbiTueM (v = 1)
u npu ero otcytcteun (o = 0). [dns npeansHoro nokpuITusi
paccMoTpeH cnydaii audpdpysHoro oTpakeHusi atomos. Kax-
LOMY C/ly4ato COOTBETCTBYET [Ba BO3MOXXHbIX COOTHOLUEHUSI
4acToT nNpobHoro u ynpasasiowero noneii: ky > ke n ky < ke.
Pacuet nposegeH gnsa sdeiikm gavHoid L = A = 4.5 cm,
ocTanbHble napametpbl cnegytowme: A, = A, = 0, Vo =
=2.10°c 1, V, =210 ¢!, T =50°C, y3 = 4 = 6 Mly,
Y21 =10 Ny

BKJIAJIOB ATOMOB, JIBUTAIONIAXCSA C PA3HBIMU CKOPO-
cramu. [Ipr paccMOTpeHHBIX mapamerpax CyMMapHast
10 CKOPOCTSIM HU3KOYACTOTHASI ATOMHAS TTOJISIPU3AIIHS
6m3Ka K Hymo. [ljist 9TOoro ke Xxapakrepa OTPaXKeHus,
o npu k, < k. Takoil KOMIIEHCAIINU HE IIPOUCXOJUT.
Amnajiornunblie, xoTs u 6oJiee cjaabbie 3(PPEKTH UMET
MECTO W JIJIsi 36PKAJILHOTO OTpaXKeHusi. I1ToObI He 3a-
IPOMOXK/JIATH PUCYHOK, COOTBETCTBYIOIINE KPUBbBIE MBI
HE TIPUBOJIVM.

B ciiyuae oTcyTcTBUS TOKPHITUS WK TIPU €TI0 HEBBI-
COKOM KaJeCTBE DPEJIAKCAINS Ha CTEHKAX ITPUBOIUT
K OCJIabJIEHUI0 OTHOCUTEIBHON PO OBICTPO JIBUKY-
muxcst aromMoB. OHE dYallle CTAJKUBAIOTCS € TIOBEPX-
HOCTBIO, CHJIbHEE PEJIAKCUPYIOT, U 33 BPeMsi CBODOJHO-
ro MpoJieTa Yy HUX C MEHbBINEHl BEepPOSTHOCTHIO yCIeBa-
€T YCTAHOBUTHCS PABHOBECHOE BHYTDPEHHEE COCTOsTHUE.
9T0 ocyabaeHne XOPOIIo BUIHO HA PHUC. D.

4. SBAKJIFOYEHUE

B s1o0it paboTe MBI TpOAHATH3UPOBAIN PsIST 0OCOOEH-
wvocreil siBiennst YU, nmeromux mMecto B sdeiikax 6e3
6ydepHOro raza, HO C AHTUPETAKCAIIMOHHBIM TOKPBITH-
eM cTeHOK. VccienoBana 3aBUCUMOCTD XapakTepa DUIT
OT KadeCTBa MOKPBITUS, T.€. OT BEPOSTHOCTU PEjIaK-

caliii BHYTPEHHEIO0 COCTOSIHUSI, BBI3BAHHOTO CTOJIKHO-
BermeM aroMoB ¢ HuM. OOHApYyKEHO, YTO B CJIydae
[MINPOKKX JIA3€PHBIX JIy4del, KOTJia aTOM IIPH JIBHXKe-
HAU He MOKHUJAeT 00J/IaCTh JIa3ePHOro JIyda, T.e. IPH
HEIIPEPBIBHOM B3aMMOJEHCTBUM C BHEITHUM W3JLy Y€HU-
€M, peJIaKCallis Ha CTeHKaX cJ1ab0 BJIAA€T Ha KOHTPACT
OUII, a B psze ciydaeB TIPUBOJUT JIaXKe K YCUJIEHUIO
addekra. O6HAPYKEHO U UCCIIEIOBAHO CYIIECTBEHHOE
pasnmuume JByx cxem peasmsamun JUII — ciayuaes
CTOKCOBCKOI'O U @HTHUCTOKCOBCKOI'O PAaCCesHUs TPOOHO-
ro maiaydenus. lIpoaHajm3mpoBaHa 3aBUCAMOCTH -
dexra DUII oT Tuta OTparKeHnst ATOMOB OT MOKPBITHUSI.
PaccmoTpens! s1Ba npeesibHbIX Cilydas — 3epKaJbHOe
(yupyroe) orpakenue u nuddys3Hoe, KOrJa aToM -
copbupyercsi Ha MOBEPXHOCTh Ha JJIUTEJILHOE BpEMs
U €ro CKOPOCTH IOCJIE B3AUMOIEHCTBUS C IMOKPBHITHEM
oTIpeJiesIsieTcst TeMiepary poii nocsenuero. Ocoboe BHU-
MaHue yieseHo ocoberHocTsiM criekTpos DU npu yue-
Te HEBBIPOXKIEHHOCTU BO30YKIEHHOI'O COCTOSHUS ATO-
MOB, KOTOpAas HIPUBOJUT K IOSBJIEHUIO IOMIOJTHUTE b~
HBIX PE30HAHCOB.

Pesynbprarer, obcy:kmaeMble B JaHHON pabore, IMO-
JIyIEHbI HAMU JIJIsi yIPOIIEHHOW YeThIPEXYPOBHEBOMN
CHCTEMBI B OIIHOMEPHOU TN€OMETPHHU IIPU KCIIOJIH30Ba-
HUU psijia TpubmKennit. OTKa3 OT ITUX TPUOJTHAKEHII
OIIPeJIeJIEHHBIM 00pa30M M3MEHUT KOJIMYEeCTBEHHbBIE pe-
3yJIBTATHI, IIpejCcTaBjieHHble B cTarbe. OJHAKO OCHOB-
HbIe KadecTBeHHbIE 3(DPEKThI, mMpeacKas3aHHbe U 00-
cyKJaeMble B pabore, TaKue KaK 3aBUCUMOCTb (POPMBbI
pe30HaHCa OT COOTHOIIEHHS] YaCTOT IPOOHOI0 U yIIpaB-
JISIIOIIETO TIOJIEH, TOsiBJIeHnEe I'PEOEHKU TOMOTHUTE b=
HBIX MMILYJIbCOB TIPU 3€PKAJBHOM OTPaKeHWUH, PA3JIn-
qre (OPMBI CIIEKTPOB IIPU PAa3HOM XapaKTepe aKKO-
MOJAIIMKA ATOMOB HA IOBEPXHOCTH, IO HAIIEMY MHE-
HUIO, COXPAHSITCS U JIJI TPEXMEPHBIX S9IeeK IIPHU yIeTe
peasibHOM CTPYKTYDPBI aTOMHBIX cocrosHuil. JleficTBu-
TEJIbHO, OHU O0YCJIOBJIEHBI BJINSHUEM TaKUX (DaKTOPOB,
KOTODPBIE WMEIOT MECTO W JJjI PEAJbHBIX aATOMAPHBIX
razoB. 9TO — JIBHKEHHE ATOMOB U M3MEHEHUEe HAIIPaB-
JIEHUSI STOTO JBUKEHUS, BBI3BAHHOE CTOJKHOBEHUSMUI
CO CTEHKAaMU, HAJIMINE HECKOJBKUX aTOMHBIX BO30YK-
JIEHHBIX COCTOSIHUI, & TaK>Ke HEBBIPOXK JIEHHOCTH OCHOB-
HOro U BO3OYXKaeHHOro coctosauil. [lo sToit mpuunne
MBI CUHATAEM, UTO IPEICKA3BIBAEMbIE B JAHHON pabo-
Te 3ddeKThl HeOOXOAUMO YUUTHIBATH BO BCEX IIOTEH-
nuasbHbIX mpmwiokernsax DU, B KOTOPBIX HCITOIb3Y-
FOTCS TA30BbIe STUEHKN C aHTUPEJTAKCAIITMOHHBIM TTOKPbI-
THEM CTEHOK.

®dunancupoBauue. lIposemenune wuciiemOBaHMIT
6bLI0 TOIepKaHo rpanToM DoHja pasBUTHS TeOope-
Truyeckoit pusuku u mMaremaruku «BA3VC». Ananus
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